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(54) Dielectric resonator filter 

(57) A dielectric resonator filter comprises dielectric " 
resonators, an enclosure having a main body, a lid, and 
partition walls, interstage-coupling tuning windows/ in- 
terstage-coupling tuning bolts, input/output terminals, 
and input/output coupling probes. Resonance-frequen- 
cy tuning members each composed of a conductor plate 
and a bolt coupled integrally thereto are attached to the ^ 
enclosure M. Spurious-mode suppressing nnieans such 
as rings (71 ,72) attached to the bolts of the resonance- 
frequency tuning members or bolts attached to the cbh— 
ductor plates or to the enclosure lid are disposed in a 
spurious-mode excitation space, whereby the occur- 
rence of a disturbed characteristic in the pass band (or 
stop band) is suppressed. In another embodiment, the 
spurious-mode suppressing means comprise, tuning 
plates (61 y 61b) of different sizes. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a multi-pur- 5 
pose dielectric resonator filter for use at a mobile com- 
munication base station to serve as each of a receiving 
filter, a transmitting filter, a duplexer, and the like. 
[0002] Conventionally, band pass fitters for allowing 
the passage of only signals in a specified frequency io 
band have been used at base stations for mobile com- 
munication such as a mobile phone. For example, a re- 
ceiving system uses a receiving filter to remove signals 
for communication systems using the other frequency 
bands and a transmitting system uses a transmitting f il- 
ter not to send undesired electric waves to the systems 
using the other frequency bands. Such filters for use at 
the base stations are required to have a sufficiently low 
loss to provide the base stations with an adequate re- 
ceiving sensitivity and power efficiency, a sharp filter 20 
characteristic provided for a reduced interval in frequen- 
cy band between the adjacent base stations, and re- 
duced size and weight for easier mounting on the over- 
heads of the base stations. As an example of a filter sat- 
isfying such requirements, a dielectric resonator filter 25 
composed of a plurality of dielectric resonators coupled 
to each other hais been proposed, which comes in var- 
ious configurations. 

[0003] FIG. 21 is a perspective view schematically 
showing an example of a conventional six-stage dielec- 30 
trie resonator filter. As shown In FIG. 21 , the convention- 
al dielectric resonator filter comprises six cylindrical di- 
electric resonators 51 1 A to 51 1 F fonned by sintering a 
dielectric powder material. The resonance frequency of 
each of the dielectric resonators 51 1 A to 51 1 F is deter- 35 
mined by the height and diameter of the cylindrical con- 
figuration thereof . In this example, the six dielectric res- 
onators 51 1 A to 51 1 F operate as a six-stage band pass 
filter. An enclosure 520 of the dielectric resonator fitter 
comprises a main body 521 composed of a bottom wall 
and side walls, a lid 522, partition walls 523A to 523G 
connected to each other to partition, into chambers, a 
space enclosed by the enclosure main body 521. The 
dielectric resonators 511 A to 51 IF are disposed on a 
one-bygone basis in the respecth/e chambers defined by 
the partition walls 523A to 523G of the enclosure 520. 
Interstage-coupling tuning windows 524A to 524E for 
providing electromagnetic field couplings between the 
resonators are provided between the five partition walls 
523A to 523E of the seven partition walls 523A to 523G so 
and the side walls of the enclosure main body 521 . The 
interstage^oupling tuning windows 524A to 524E are 
provided with respective interstage-coupling tuning 
bolts 531 A to 531 E each for tuning the strength of ah 
electromagnetic field coupling between the resonators. 55 
The enclosure main body 521 is provided with input/put^ . - 
put terminals 541 and 542 each composed of a coaxial . 
connector to input and output a high-frequency signal to 



and from the outside. Input/output coupling probes 551 
and 552 are connected to the respective core conduc- 
tors of the input/output terminals 541 and 542. 
[0004] Resonance-frequency tuning members 561 A 
to 561 F each composed of a disk and a bolt formed in- 
tegrally to tune the resonance frequency of the corre- 
sponding one of the dielectric resonators 511 A to 51 IF 
are attached to the enclosure lid 521. The resonance- 
frequency tuning members 561 A to 561 F are disposed 
to have their respective center axes at the same plan 
positions as the respective center axes of the dielectric 
resonators 511 A to 51 IF (i.e., at the concentric posi- 
tions). 

[0005] Since the frequency characteristics including 
passband width and attenuation characteristic of a die- 
lectric resonator filter are generally determined by the 
resonance frequency and Q factor of each of the reso- 
nators and an amount of coupling between the Individual 
dielectric resonators, the configuration and the like of 
each of the dielectric resonators are calculated from the 
specifications of the frequency characteristics of the fil- 
ter at the design stage. In practice, however, filter char- 
acteristics as designed cannot be obtained due to an 
error in the configurations of the dielectric resonators 
and enclosure and to a mounting error. To jsrovide filter 
characteristics as designed, the resonancerfrequency 
tuning members 561 A to 561F are provided in the con- 
ventional dielectric resonator filter to render the respec- 
tive resonance frequencies of the dielectric resonators 
511 A to 51 IF variable. In addition, the interstage-cou- 
pling tuning bolts 531 A to 531 E are provided to render 
the strengths of interstage couplings variable. Through 
the tuning using the tuning mechanism, desired filter 
characteristics are provided. 

[0006] For the resonance-frequency tuning members 
561 A to 561 F, a structure as shown in FIG. 21 has been 
used widely in which the frequency characteristics of the 
dielectric resonators 51 1 A to 51 1 F aire made variable 
by tuning the distancb between dohduc^or plates op- 
posed to the dielectric resonators 511 A to SIIF and the 
dielectric resonators 511 A to 51 IF by using the bolts. 
[0007] The dielectric resonator filter having such a 
structure operates as follows. If a high-frequency signal 
transmitted from, e.g., a signal sourbe or an antenna arid 
inputted into the enclosure 520 via the inpuVoutput teij 
minal 54l has a frequency within the pass band of the 
filter, the signal couples to an electromagnetic field 
mode in the input-stage dielectric resonator 51 1 A by the 
effect of the input/output coupling probe 551 so that 
TE01 8 as a basic resonance mode is' exerted. 
The resonance mode couples to respective electromag- 
netic field modes in the subsequent dielectric resonators 
511B, 511C, ... in succession through the interstage- 
coupling tuning windbws 524A, 524B, ... iso that the 
electromagnetic field mode excited in the dielectric res- 
. onator 511 F:. couples : to :the^ <^iJtput-side . input/pu^^ 
probe 552 and the high-frequency" sigh^^^ 
from the input/output terminal 542. On the other hand. 



3 



<EP 1ie2684A2_L> 



3 



EP1 162 684 A2 



4 



the high-frequency signal having a frequency outside 
the pass band of the filter is reflected without coupling 
to the resonance mode in the dielectric resonator and 
sent back from the input/output terminal 541 . 
[0008] FIG. 24 is a perspective view schematically 5 
showing an example of a conventional four-stage die- 
lectric resonator filter. As shown in FIG. 24, the conven- 
tional dielectric resonator fitter comprises four cylindrical 
dielectric resonators 611 A to 61 ID formed by sintering 
a dielectric powder material. In this example, the four io 
dielectric resonators 611 A to 61 ID operate as a four- 
stage band pass filter. An enclosure 620 of the dielectric 
resonator filter comprises a main body 621 composed 
of a bottom wall and side walls, a lid 622, and partition 
walls 623A to 623D connected to each other to partition, i5 
into chambers, a space enclosed by the enclosure main 
body 621. The dielectric resonators 611 A to 61 ID are 
disposed on a one-by-one basis in the respective cham- 
bers defined fc)y the partition wails 623A to 623D of the 
enclosure 620, Interstage-coupling tuning windows 20 
624A to 624C for providing electromagnetic field cou- 
plings between the resonators are provided between the 
three partition walls 623A to 623C of the four partition 
walls 623A to 623D and the side watts of the enclosure 
main body 621 . The interstage-coupling tuning windows 25 
624A to 624C are provided with respective interstage- 
coupling tuning bolts 631 A to 631 C each for tuning the 
strength of an electromagnetic field coupling between 
the resonators. The enclosure main body 621 is provid- 
ed with input/output temninals 641 and 642 each com- so 
posed of a coaxial connector to input and output a high- 
frequency signal to and from the outside. Input/output 
coupling probes 651 and 652 are connected to the re- 
spective core conductors of the input/output terminals 
641 and 642. 35 
[0009] Resonance-frequency tuning members 661 A 
to 661 D each composed of a disk and a bolt formed in- 
tegrally to tune the resonance frequency of the corre- 
sponding one of the dielectric resonators 61 1 A to 61 1 D 
are attached to the enclosure lid 621. The resonance- 40 
frequency tuning members 661 A to 661 D are disposed 
to have their respective center axes at the same plan 
positions as the respective center axes of the dielectric 
resonators 611A to 611D (i.e., at the concentric posi- 
tions). 45 
[001 0] However, the foregoing conventional dielectric 
resonator filters have the followirig drawbacks. 
[0011] FIG. 23 shows an example of the frequency 
characteristic of the dielectric resonator filter shown in 
FIG, 21. In FIG. 23, the horizontal axis represents the so 
frequency (GHz) and the vertical axis represents the 
transmission characteristic (dB). As can be seen from 
the drawing, an attenuatiori pole PI (valley) with an en- 
hanced transmission characteristic exists in the pass 
band, which indicates that the filter characteristic has 55 
been degraded. The present inventors have assumed 
the cause of such a degraded filter characteristk: as fol- 
lows. 



[0012] FIG. 22 shows an electromagnetic field mode 
in the vicinity of the conductor plate of each of the res- 
onance-frequency tuning members 561 of the dielectric 
resonator filter shown in FIG. 21 . In the drawing is shown 
the result of analyzing the distribution of an electric field 
in a cross section passing through the axis of the reso- 
nance-frequency tuning member by an electromagnetk: 
field simulation using a FDTD method. As shown in FIG. 
22, a spurious electromagnetic field mode is produced 
in a space defined by the conductor plate of the reso- 
nance-frequency tuning member 561 and the enclosure 
lid 522. 

[001 3] As a result, the spurious electromagnetic field 
mode couples to a high-frequency signal to cause the 
state of resonance so that the spurious attenuation pole 
P1 (valley portion) is assumed to appear in the frequen- 
cy characteristk:. The spurious mode reacts more sen- 
sitively to the movement of the resonance-frequency 
tuning member than the resonance frequency in a basic 
mode required to provide the filter characteristic and 
changes greatly. Consequently, the attenuation pole re- 
sulting from the spurious mode frequently passes 
through a near-passband region when the vertical posi- 
tion of the resonance-frequency tuning member is 
changed to tune the filter characteristic and disturb the 
waveform of the filter characteristics, which presents a 
large obstacle to the tuning operation. In the worst case, 
the spurious mode enters the pass band of the filter even 
after the resonance-frequency tuning operation is com- 
pleted to degrade the filter characteristic, as shown in 
FIG. 23. ' 

[001 4] In addition, the conventional dielectric resona- 
tor fitters have the problem that a coupling between 
high-order modes different from the basic resonance 
mode in the dielectric resonators causes an undesired 
harmonic component at frequencies higher than the 
pass band of the filter. In principle, a component at a 
frequency higher than the pass band is removed by a 
low pass filter. However, there is an upper limit to the 
level of a signal that can be removed by the low pass 
fitter. Therefore, strict specifications have been deter- 
mined for the harmonic component In addition to the 
specifkrations of the pass band of a filter used at a base 
station of a mobile phone to suppress the level of the 
harmonic component. 

[0015] FIG. 25 shows an example of the freqiiericy 
characteristic of the conventional four-stage dielectric 
resonator filter. As shown in the drawing, a harmonic 
component on a level that cannot be removed complete- 
ly by a low pass fitter (e.g!, -40 dB or more) may be pro- 
duced in the conventional dielectric resonator filter. The 
present inventors have considered that the cause there- 
of is an insufficierit capabill^ of tuning the interstage 
couplings. 

SUMMARY OF THE INVENTION 

[001 6] It is tfieref ore a first object of tfie present inven- 
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tion to facilitate the operation of tuning a dielectric res- 
onator filter and providing a dielectric resonator filter 
with an excellent frequency characteristic by focusing 
attention on the fact that the cause of the degraded char- 
acteristic in the conventional dielectric resonator filters 5 
is the spurious mode produced between the resonance- 
frequency tuning memberasamechanism fortuning the 
filter characteristic and the wall surface of the enclosure 
and providing means for eliminating the spurious mode. 
[0017] A second object of the present invention is to io 
provide a dielectric resonator filter with an excellent fre- 
quency characteristic and a wide range of tuning by pro- 
viding means for suppressing the level of the harmonic 
component in the filter characteristic. 
[001 8] A first dielectric resonator filter according to the 
present invention comprises: at least one dielectric res- 
onator: an enclosure enclosing the dielectric resonator 
to function as a shield against an electromagnetic field; 
resonance-frequency tuning means including a conduc- 
tor plate disposed in a space enclosed by the enclosure 20 
to have a first surface opposed to a surface of the die- 
lectric resonator and a second surface opposed to an 
inner surface of the enclosure, the resonance-frequency 
tuning moans being capable of changing a distance be- 
tween the conductor plate and the dielectric resonator; 2S 
and spurious-mode suppressing means for suppressing 
propagation of a spurious electromagnetic field mode 
produced in a space between the second surface of the 
conductor plate and the inner surface of the enclosure. 
[0019] The arrangement suppresses the propagation 30 
of an spurious electromagnetic field mode produced be- 
tween the second surface of the conductor plate of the 
resonance-frequency tuning means and the inner sur- 
face of the enclosure and allows easy tuning of the. filter 
characteristic which prevents the occurrence of a dis- 35 
turbed characteristic due to the spurious electromagnet- 
ic field mode in the pass band (or stop band) of the fre- 
quency characteristic of the dielectric resonator filter. 
[0020] The spuripus-mpde suppressing means is a 
spurious-mode suppressing mernber filling a part of the 40 
space between the second surface of the conductor 
plate and the inner surface of the enclosure. Tfie ar- 
rangement suppresses the occurrence of a disturbed 
characteristic in the pass band (or stop band) by the ef- 
fects, of reducing the guide wavelength of the spurious - -^^ 
mode excited in the space and shifting the spurious 
mode toward higher frequencies. 
[0021] The. resonance-frequency tuning means fur- 
ther includes a bolt for changing the distance beiWeen 
the conductor plate and the dielectric resonator and the so 
spurious-mode suppressing member is composed of a 
ring having a screw hole for engagement with the bolt. 
The arrangement allows effective suppression of the 
spurious mode with a simple structure. 
[0022] If the spurious-modie suppressing means is a ss 
rod supported by either of.the f^onductor plate and the - . 
encibsure to fill the part of the space defined by the sec- 
ond surface of the conductor plate and the inner surface 



of the enclosure, similar effects are achievable. 
[0023] The spurious-mode suppressing member is 
composed of a conductor material or a dielectric mate- 
rial. The arrangement achieves the effect of reflecting 
an electromagnetic wave and allows effective suppres- 
sion of the spurious mode, 

[0024] The spurious-mode suppressing means is 
composed of a resistor element having a surface portion 
exposed in the space between the second surface of 
the conductor plate and the inner surface of the enclo- 
sure to function as an electric resistor against a high- 
frequency induction current flowing along the surface 
portion. The arrangement attenuates the spurious elec- 
tromagnetic field mode in the space and suppresses the 
amplitude level of the spurious mode, so that the occur- ' 
rence of a disturt)ed characteristic In the pass band (or 
stop band) Is suppressed. 

[0025] A second dielectric resonator filter according 
to the present invention comprises: a plurality of dielec- 
tric resonators; an enclosure enclosing the plurality of 
dielectric resonators to function as a shield against an 
electromagnetic field; and a plurality of resonance-fre- 
quency tuning means provided on a; one-by-one basis 
for the plurality of dielectric resonators, each of the plu- 
rality of resonance-frequency tuning means including a 
conductor plate disposed in a space enclosed by.the en- 
closure to have a first surface opposed to a.s.urface of 
the corresponding one of the dielectric resonators and 
a second surface opposed to an inner surface of the en- 
closure, the resonance-frequency tuning means being 
capable of changing distances between the. conductor 
plates and the dielectric resonators, the conductor plate 
of at least one of the plurality of resonance-frequency 
tuning means having a size different from sizes of the 
conductor plates of the other resonance-frequency tun- 
ing means. 

[0026] If a tuning is made by increasing the diameter 
or thickness of the conductor plate of each of the reso^ 
nance-frequency tuning means provided additionally on 
some of the dielectric resonators, the frequency in the 
spurious mode changes with the size of the conductor 
plate. By using this, the disturbed characteristic result^ 
ing from the spurious riiode can be moved from the pass 
band (or stop band) to another frequency region, so that 
the occurrence of a disturbed characteristic in the pass 
band (or stop band) is suppressed. 
[0027] Preferably, the conductor plate of each of the 
resonance-frequency tuning means has a disk-shaped 
configuration. 

[0028] A third dielectric resonator fitter according to 
the present invention comprises: a plurality of dielectric 
resonators including an input-stage dielectric resonator 
for receiving a high-frequency signal from an external 
device and an output-stage dielectric resonator for out- 
putting the high-frequency signal to an external device; 
. an enclosure enclosing the plurality of dielectric respn^- . 
tors to function as a shield iagainst ah eiectrorhaghetic 
field; Input coupling means for coupling the Inputted 
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high-frequency signal and an electromagnetic field in 
the input'Stage dielectric resonator: output coupling 
means for coupling the outputted high-frequency signal 
and an electromagnetic field in the output-stage dielec- 
tric resonator; and an interstage-coupling tuning plate s 
provided between those of the plurality of dielectric res- 
onators having their respective electromagnetic fields 
coupled to each other to tune a strength of the electro- 
magnetic field coupling, at least one of both side surfac- 
es of the interstage-coupling tuning plate having a cut- io 
away portion provided therein. 

[0029] With the cutaway portion provided at the posi- 
tion at a higher current density and the like, the arrange- 
ment can enhance the filtering function with respect to 
frequencies higher than the pass band (or stop band) is 
depending on the distribution of a current along the in- 
terstage-coupling tuning plate. 
[0030] The cutaway portion in the Interstage-coupling 
tuning plate may have a generally rectangular configu- 
ration but preferably has a generally rectangular config- so 
uration having a longer side disposed to be nearly par- 
allel to a bottom surface of the enclosure. 
[0031] Preferably, the cutaway portion in the inter- 
stage-coupling tuning plate is disposed such that a ver- 
tical position of the enclosure is nearly coincident with 25 
positions at which the dielectric resonators are disposed 
and formed to be in contact with an inner side suriace 
of a wall composing an outer circumferential portion of 
the enclosure. 

[0032] The third dielectric resonator fitter according to -30 
the present invention further comprises an interstage- 
coupling tuning member disposed in the enclosure to 
protrude toward the cutaway portion in the interstage- 
coupling tuning plate, whereby the range of tuning of the 
interstage-coupling tuning members is widened. 35 
[0033] Each of the plurality of dielectric resonators is 
a TE01 6 -mode resonator, whereby the effects of the 
present invention are achieved remarkably. 
[0034] A m^od for suppressing a spurious mode in 
a dielectric resonator filter comprising at least one die- 40 
lectric resonator and an enclosure enclosing the dielec- 
tric resonator to function as a shield against an electro- 
magnetic field according to the present invention oonr^ 
prises the steps of: (a) disposing, in a space enclosed 
by the enclosure, resonance-frequency tuning means 45 
Including a conductor plate having a first surface op- 
posed to a surface of the dielectric resonator and a sec- 
ond surface opposed to an Inner surface of the enclo- 
sure to tune a resonance frequency by changing a dis- 
tance between the conductor plate and the dielectric so 
resonator; and (b) after or prior to the step (a), disposing 
a spurious -mode suppressing member for suppressing 
propagation of a spurious electromagnetic field mode 
produced in a space between the second surface of the 
conductor plate and the inner surface of the enclosure, ss 
[0035] The arrangement suppresses the propagation 
of the spurious electromagnetic field mode produced 
between the second surface of the conductor plate of 



the resonance-frequency tuning member and the inner 
surface of the enclosure and allows easy tuning which 
prevents the occurrence of a disturiDed characteristk: 
due to the spurious electromagnetic field mode in the 
pass band (or stop band) of the frequency characteristk: 
of the dielectric resonator filter. 

[0036] The step (b) includes disposing the spurious- 
mode suppressing means to fill a part of the space be- 
tween the second surface of the conductor plate and the 
inner surface of the enclosure. The arrangement sup- 
presses the occurrence of a disturbed characteristic in 
the pass band (or stop band) by the effects of reducing 
the guide wavelength of the spurious mode excited in 
the space and shifting the spurious mode towaixl higher 
frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 

FIG. 1 is a perspective view schematically showing 
a structure of a dielectric resonator filter according 
to a first embodiment of the present invention; 
FIG. 2 is a graph showing the relationship between 
the position of a resonance-frequency tuning mem- 
ber in a single-stage filter and respective frequen- 
cies in a basic mode and a spurious mode; 
FIG, 3 shows the frequency characteristic of a die- 
lectric resonator filter comprising a spurious-mode 
suppressing ring; 

FIG. 4 is a perspective view showing respective 
structures of a resonance-frequency tuning mem- 
ber and a spurious-mode suppressing ring accord- 
ing to a first variation of the first embodiment; 
FIG. 5 is a perspective view showing respective 
structures of a resonance-frequency tuning mem- 
ber and a spurious-mode suppressing ring accord- 
ing to a second variation of the first embodiment; 
FIG. 6 Is a perspective view showing respective 
structures of a resonance-frequency tuning rhem- 
ber and a spurious-mode suppressing ring accord- 
ing to a third variation of the first embodiment; 
FIG. 7 is a perspective view schematically showing 
a structure of a dielectric resonator filter according 
to a second embodiment of the present invention; 
FIG. 8 Is a graph showing the reJationshlp between 
an amount of insertion of a ispurious-mode sup- 
pressing bolt into a spurious-mode excitation space 
in a single-stage filter and respective frequencies In 
. a basic mode and a spurious mode; 
FIG. 9 is a perspective view schematically showing 
a structure of a dielectric resonator filter according 
to a third embodiment of the present invention; 
FIG. 10 is a graph showing the relationship between 
the position of a resonance-frequency tuning mem- 
ber and respective frequencies in a basic mode and 
a spurious mode, which have been measured to ex- 
amine the effect of a resonance-frequency tuning 
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member with a spurious-mode suppressing func- 
tion; 

FIG. 11 is a perspective view schematically show- 
ing a structure of a dielectric resonator filter accord- 
ing to a fourth embodiment of the present invention; 5 
FIG. 12 is a perspective view schematically show- 
ing a structure of a dielectric resonator filter accord- 
ing to a fifth embodiment of the present invention; 
FIG. 13 shows the frequency characteristics of the 
dielectric resonator filter according to the fifth em- io 
bodiment; 

FIGS. 14A to 14C show the frequency characteris- 
tics of the dielectric resonator filter shown in FIG. 
12 obtained by using interstage-coupling tuning 
windows having different configurations; is 
FIGS. 15A to 1 5C show the frequency characteris- 
tics of the dielectric resonator filter shown in FIG, 
12 and the positions of the interstage-coupling tun- 
ing windows which are provided at different vertical 
positions In the partitions walls; 
FIG. 16 shows the result of analyzing the distribu- 
tion of an electric field when a high-frequency signal 
inputted to the dielectric resonator filter according 
to the fifth embodiment shown in FIG. 12 is at 2.14 
GHz (pass band); 25 
FIG. 17 shows the result of analyzing the distribu- 
tion of an electric field when the high-frequency sig- 
nal inputted to the dielectric resonator filter accord- 
ing to the fifth embodiment shown in FIG. 12 is at 
2.82 GHz (hamionic); 30 
FIG. 18 is a perspective view schematically show- 
ing a structure of a dielectric resonator filter accord- 
ing to a sixth embodiment of the present invention; 
FIG. 19 is a perspective view schematically show- 
ing a structure of a dielectric resonator filter accord- 35 
ing to a seventh embodiment of the present inven- 
tion; 

FIG. 20 is a perspective view schematically show- 
ing a structure of a dielec^c resonator filter accord- 
ing to an eighth embodimjent of the present inven- 40 
tion; 

FIG, 21 is a perspective view schematically show- 
ing an example of the conventional six-stagef die;" 
lectrjc resonator filter; 

FIG. 22 shows an electromagnetic field mode in tfie - . 45 
vicinity of the conductor plate of the resonance-fre- 
quency tuning niember of the dielectric resonator 
filter shown in FIG. 21 ; 

FIG. 23 shows an example of the frequency char- 
acteristic of the dielectric resonator filter shown in 50 
FIG, 21; 

FIG, 24 is a perspective view schematically show- 
ing an example of the conventional four-stage die- 
lectric resonator filter; 

FIG. 25 shows an example of the frequency char- ss 

.: -.-rir:-:- acteristic of the conventionaL.fo.urf Stage dielectric.,;^ 
resonator filter; 

FIG. 26 shows the result of analyzing the distribu- 



tion of an electric field in accordance with the FDTD 
method when a high-frequency signal inputted to 
the conventional dielectric resonator Alter shown in 
FIG, 24 is at 2.14 GHz (pass band); 
FIG. 27 shows the result of analyzing the distribu- 
tion of an electric field in accordance with the FDTD 
method when the high-frequency signal inputted to 
the dielectric resonator filter shown in FIG. 24 is at 
2.82 GHz (harmonic); and 

FIG. 28 shows the result of analyzing, in accord- 
ance with the FDTD method, a current flowing along 
the surface of one of interstage-coupling tuning 
plates closer to the dielectric resonator in the HE11 
6 mode when the high-frequency signal inputted to 
the conventional dielectric resonator filter shown in ' 
FIG. 24 is at 2.82 GHz. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

[0038] FIG, 1 is a perspective view schematically 
showing a structure of a dielectric resonator filter ac- 
cording to a first embodiment of the present invention. 
As shown in FIG. 1 , the dielectric resonator filter accord- 
ing to the present embodiment comprises six cylindrical 
dielectric resonators 11 A to 11 F fomned by .sintering a 
dielectric powder material. The resonance frequency of 
each of the dielectric resonators 11 A to 11 F is deter- 
mined by the height and diameter of the aylindrical con- 
figuration thereof. In this example, the six dielectric res- 
onators 11 A to 11 F operate as a six-stage band pass 
filter. An enclosure 20 of the dielectric resonator filter 
comprises a rriain body 21 composed of a bottom wall 
and side walls, a lid 22, partition walls 23A to 23G con- 
nected to each other to partition, into chambers, a space 
enclosed by the enclosure main body 21 . The dielectric 
resonators 11 A to 11 F are disposed on a one-by-one 
basts in the respective chambers defined by the partition 
walls 23A to 23G of the endosure 20: Interstage-cou- 
pling tuning windows 24A to 24E for providing electro- 
magnetic field couplings between the resonators are 
provided between the five partition wails 23A to 23E of 
the seven partition walls 23A to 23G and the side walls 
of the enclosure main body 21 . The interstage-cqupling 
tuning windows 24A to 24E are provided with respective 
interstage-coupling tuning bolts 31 A to 31 E each for tun- 
ing the strength of an electromagnetic field coupling be- 
tween the resonators. The enblosure main body 21 is 
provided with input/output terminals 41 and 42 each 
conriposed of a coaxial connector to input and output a 
high-frequency signal to and from the outside. An input 
coupling probe 51 and an output coupling probe 52 are 
connected to the respective dore conductors of the in- 
put/output terminals 41 and 42. 

[00391 . -f^^spnsnceTfrequency tuning members 61 A to 
61 F (resonance-frequency tuning means) each coim- 
posed of a disk-shaped conductor plate and a bolt cou- 
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pled integrally thereto to tune the resonance frequency 
of the corresponding one of the dielectric resonators 
11A to 11F are attached to the enclosure lid 22. The 
resonance-frequency tuning members 61 A to 61 F are 
disposed to have their respective center axes at the 
same plan positions as the respective center axes of the 
dielectric resonators 11 A to 11 F (i.e., at the concentric 
positions). Specifically, the enclosure lid 22 is provided 
with screw holes which are at neariy concentric posi- 
tions to the cylindrical dielectric resonators 11 A to 1 1F 
such that the respective bolts of the resonance-frequen- 
cy tuning members 61 A to 61 F are engaged with the 
screw holes of the enclosure lid 22. The resonance fre- 
quencies can be tuned by rotating the resonance-fre- 
quency tuning members 61 A to 61 F around the axes 
and thereby changing the distances between the con- 
ductor plates and the dielectric resonators 11A to 11F. 
[0040] Since the frequency characteristics including 
passband widlh and attenuation characteristic of a die- 
lectric resonator filter are generally determined by the 
resonance frequency and Q factor of each of the reso- 
nators and an amount of coupling between the individual 
dielectric resonators, the configuration and the like of 
each of the dielectric resonators are calculated from the 
specifications of the frequency characteristics of the fil- 
ter at the design stage. In practice, however, filter char- 
acteristics as designed cannot be obtained due to an 
error in the configurations of the dielectric resonators 
and enclosure and to a mounting error. To provide filter 
characteristics as designed, the resonance-frequency 
tuning members 61 A to 61 F are provided in the conven- 
tional dielectric resonator filter to render the respective 
resonance frequencies of the dielectric resonators 11 A 
to 1 1F variable. In addition, the interstage-coupling tun- 
ing bolts 31 A to 31 E are also provided to render the 
strengths of interstage couplings variable. Through the 
tuning using the tuning mechanism, desired filter char- 
acteristics are provided. 

[0041] The present embodiment is characterized In 
that spurious-mode suppressing rings 71 and 72 (spu- 
rious-mode suppressing; means) which are composed 
of a conductor and have screw holes for engagement 
with the bolts of the input- and output-stage resonance- 
frequency tuning rnembers 61 A and 61 F are attached 
to the bolts. 

[0042] To. Illustrate the effects achieved by the provi- 
sion of the spurious-mode suppressing rings 71 and 72, 
a description will be given first to the operation of the 
dielectric resonator filter according to the present em- 
bodiment. 

[0043] tf a high-frequency signal transmitted from, .e. 
g.. a signal source or an antenna (notshovvn In FIG. 1) 
and inputted into the enclosure 20 via the Jnput/output 
tenninai 41 has a frequency within the pass band of the 
filter, the signal couples to an electromagnetic field 
mode in the input-stage dielectric resonator 11 A by the 
effect of the input coupling probe 51 so that TE01 5 as 
a basic resonance mode is excited. The basic reso- 



nance mode couples to respective electromagnetic field 
modes in the subsequent dielectric resonators 11B, 
lie, ... in succession through the interstage-coupling 
tuning windows 24A, 24B, ... so that the electromagnet- 

5 ic field mode excited in the dielectric resonator 1 1 F cou- 
ples to the output coupling probe 52 and the high-fre- 
quency signal is outputtedfrom the input/output terminal 
42. On the other hand, the high-frequency signal having 
a frequency outside the pass band of the filter should 

10 be reflected without coupling to the basic resonance 
mode in the dielectric resonator and sent back from the 
input terminal 41 . 

[0044] For the foregoing filter to operate precisely, 
each of the dielectric resonators 1 1 A to 1 1 F should have 

IS a precise resonance frequency and each of the inter- 
stage-coupling tuning windows 24A, 24B, ... should pro- 
vide an Interstage coupling having a precise strength. 
However, filter characteristics as designed cannot be 
provided due to an error in the configurations of the di- 

20 electric resonators 1 1 A to 1 1 F and enclosure 20 and to 
a mounting error. To provide filter characteristics as de- 
signed, the resonance-frequency tuning members 61 A 
to 61 F are provided and the conductor plates are moved 
upwardly or downwardly by rotating the bolts of the res- 

25 onance-f requency tuning member 61 A to 61 F. As a re- 
sult, the distances between the conductor plates of the 
resonance-frequency tuning members 61 A to 61 F and 
the dielectric resonators 1 1 A to 1 1 F located therebelow 
change to change the resonance frequencies of the di- 
-50 electric resonators 11 A to 11F. In addition, the inter- 
stage coupling bolts 31 A to 31 E are provided to render 
the strengths of interstage couplings variable. Through 
the tuning using the tuning mechanism, desired filter 
characteristics are provided. 

35 [0045] If the amounts of insertion of the interstage- 
coupling tuning bolts 31 A to 31 E are increased to re- 
duce the distances between the tip portions thereof and 
the side walls opposed thereto, e.g., the electromagnet- 
ic field coupling between the adjacent dielectric resona- 

40 tors (e.g., 1 1 B arid il C) via the interstage-coupling tun- 
ing window (e.g., 24B) is intensified. If theTesonance- 
f requency tuning rnembers 61 A to 61 F are towered in 
position to reduce the distances between the dielectric 
resonators and the conductor plates, the resonance f re- 

45 quencies of the dielectric resonators are Increased. The 
functions described above are common to the conven- 
tional dielectric resonator filters. 
[0046] However, the present embodiment features 
the spurious-mode suppressing rings 71 and 72 as spu- 

so nous-mode suppressing means which are provided in a 
spurious-mode excitation space (the space R1 shown 
in FIG. 22) in the region between the resonance-fre- 
quency tuning members 61 A and 61 F and the enclosure 
lid 22. If the surfaces (lower surfaces) of the respective 

•55 conductor plates of the resonance-frequency tuning 
members 61 A and 61 F opposed to the dielectric reso- 
nators 11 A and 11 F are assumed to be first surfaces 
and the surfaces (upper surfaces) of the conductor 
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plates opposed to the inner surface of the enclosure lid 
22 are assumed to be second surfaces, it follows that 
the spurious-mode suppressing rings 71 and 72 are dis- 
posed in the space R1 between the second surfaces of 
the conductor plates and the inner surface of the encio- s 
sure. 

[0047] The arrangement functions to suppress the 
production of the spurious mode shown in FIG. 22. From 
the viewpoint of electromagnetic fields, the provision of 
the spurious-mode suppressing rings 71 and 72 reduc- io 
es the vertical size of the spurious-mode excitation 
space R1 and thereby reduces the guide wavelength of 
the excited spurious mode, so that the filter character- 
istic shifts toward higher frequencies. Moreover, the 
length of the narrow portion R3 (see FIG. 22) connecting is 
trom the spurious-mode excitation space R1 (see FIG. 
22) to the space R2 (see FIG. 22) in which the dielectric 
resonators 11 A and 11 F are disposed is increased, 
which makes the passage. of an electromagnetic wave 
through the narrow portion R3 difficult and weakens the 20 
coupling between the spurious mode and respective 
modes in the dielectric resonators 11 A and 1 1F. As a 
result, the occurrence of a disturbed characteristic such 
as an undcsired attenuation pole PI (see FIG. 23) in the 
pass band of the dielectric resonator filter composed of 25 
the six dielectric resonators 11 A to 11 F can be sup- 
pressed. 

[0046] FIG. 2 is a graph showing, when a single-stage 
filter (discrete resonator) is used, the relationship be- 
tween the position of the resonance-frequency tuning 30 
member and respective frequencies in the basic mode 
and the spurious mode, which have been measured to 
examine the effect of the spurious-mode suppressing 
ring. The single-stage filter used to obtain the data 
shown in FIG. 2 comprises a cylindrical dielectric reso- 35 
nator composed of a dielectric material with a relative 
dielectric constant of 41 and having a diameter of 27 
mm and a height of 12 mni, a cubic, enclosure having 
Inner sides, of; 40 nvn, a resonance-frequency tuning 
member with a conductor plate having a diahieter of 25 40 
mm and a thickness of 1 rrim and with a bbit compliant 
with the standard MiB, and a cylindrical spurious-mode 
suppressing ring (spuiious-mode suppressing mieans) 
composed of copper plated with silver, having a height 
of 4 mm or 8 mm and an outer diameter of 20 mm, and - 
fonned with a screw hole compliant with the standard 
M6 which is located in the center axis portion thereof. 
[0049] As can be seen from RG. 2, the provision of 
the. spurious-mode suppressing ring shifts the spurious 
mode tovyard higher frequencies. If tlie position of the so 
resonance-frequency tuning member is 12 mm In FIG. 
2, the frequency in the spurious mode in the absence of 
the spurious-mode suppressing ring (indicated by the 
marie ■) Is about 1 .8 GHz. By contrast, the frequency 
in the spurious rnode in the presence of a spurious- 55 
mode'suppressing 'n'rig havihg:an outer:diameter of . 20 ri. .. 
mm and a height of 4 mm (indicated by the mark O) is 
about 1 .95 GHz and the frequency in the spurious mode 



in the presence of a spurious-mode suppressing ring 
having an outer diameter of 20 mm and a height of 8 
mm (indicated by the mari< A) is about 2.3 GHz. 
[0050] FIG. 3 shows the frequency characteristic of a 
dielectric resonator filter comprising a spurious-mode 
suppressing ring. In the drawing, the horizontal axis rep- 
resents the frequency (GHz) and the vertical axis rep- 
resents the transmission characteristic (dB). The dielec- 
tric resonator filter used to obtain the data shown in FIG. 
3 comprises a cylindrical dielectric resonator composed 
of a dielectric material with a relative dielectric constant 
of 41 and having a diameter of 27 mm and a height of 
12 mm, an aluminum enclosure having a silver-plated 
surface and cubic chambers each having inner sides of. 
40 mm^ a resonance frequency tuning member with a 
conductor plate having a diameter of 25 mm and a bolt 
compliant with the standard M6, a cylindrical spurious- 
mode suppressing ring (spurious-mode suppressing 
means) composed of copper plated with silver, having 
a height of 8 mm and an outer diameter of 20 mm, and 
formed with a screw hole compliant with the standard 
M6 which is located in the center axis portion thereof, 
input/output terminals 41 and 42 each composed of a 
commercially available SMA connector, and input/out- 
put coupling probes 51 and 52 each composed of a cop- 
per wire having a silver-plated surface and. a>diarneter 
of 1 mm, . 
[0051] As shown in FIG. 3, a TE01 6-mode electro- 
magnetic field was excited in the dielectric resonator to 
provide a frequency characteristic which was neariy flat 
in the pass band. By thus providing the dielectric reso- 
nator filter with the spurious-mode suppressing ring, the 
amplitude level in the spurious mode was weakened 
and the spurious mode was shifted to higher frequen- 
cies at a sufficient distance from the pass band, so that 
the spurious mode presented no obstacle to the tuning 
of the frequency and the sharp filter characteristic with 
a low loss shown in FIG. -3 was achieved. 
[0052] Although the present embodiment has dis- 
posed the only two spurious-mode suppressing rings 71 
and 72 in the input and output stages, it is not limited to 
such a structure: The number of the spurious-mode sup- 
pressing nieans and the pbisitions at which they are dis- 
posed can be detemnined selectively in accordance with 

the filter specifications. \ „ . 

[0053] It is to be noted that the spurious mode pro- 
duced in the chEimbers in the input/output stages of a 
multi-stage filter is more likely to affect the filter charac- 
teristic since it Is closer to the input/output coupling 
probes than the spurious mode produced in the other 
chambers. In fact, the cause of the degraded character- 
istic of the mufti-stage filter is mostly the spurious mode 
produced in the chambers in the input/output stages. 
Therefore, the spurious-mode suppressing members 
such as the spurious-mode suppressing rings disposed 
in the chambers in the inpu^ stages achieve.a^rer . 
markable spurious-mode suppressing function. ~ 
[0054] Although the present embodiment has fixed 
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the spurious-mode suppressing rings 71 and 72 as the 
spurious-mode suppressing means to the resonance- 
frequency tuning members 61 A and 61 B, similar effects 
are also achievable if the spurious-mode suppressing 
nneans is fixed to the enclosure lid at the coaxial position 
to the resonance-frequency tuning member. 
[0055] Although the present embodiment has adopt- 
ed the structure in which the spurious-mode suppress- 
ing rings configured as independent ring structures are 
used as the spurious-niode suppressing means and fit- 
ted in the resonance-frequency tuning members, it Is al- 
so possible to adopt the structure in which the spurious- 
mode suppressing means is formed integrally with the 
resonance-frequency tuning member by, e.g., attaching 
the stepped disk functioning as the spurious-mode sup- 
pressing means and also as the conductor plate of each 
of the resonance-frequency tuning members to the bolt 
of the resonance-frequency tuning member. Effects 
similar to those achieved by the present embodiment 
are achievable if the thickness of the conductor plate of 
each of the resonance-frequency tuning members Is In- 
creased to about 3 to 10 mm. However, since the filter 
characteristic differs from one dielectric resonator filter 
to another in practice, a detachable members such as 
a ring Is provided preferably. 

[0056] Although the outer circumference of each of 
the spurious-mode suppressing rings 71 and 72 used 
as the spurious-mode suppressing means in the present 
embodiment is configured as a circle, the outer circum- 
ferential configuration of the spurious-mode suppress- 
ing ring is not limited thereto. Similar effects are also 
achievable if the outer circumference of the spurious- 
mode suppressing ring is configured as a triangle or an- 
other polygon. A description will be given herein below 
to variations of the structure of the spurious-mode sup- 
pressing ring. 

VARIATION 1 OF EMBODII^EfSlTI 

[0057] FIG. 4 . is a perspective view showing respec- 
tWe structures of a resonance-frequency tuning rhember 
and a spurious-mode suppressing ring according to a 
first variation of the first embodiment. As shown in FIG, 
4, the spuriousrmode suppressing ring -73 accprding to 
the first variation is configured as a hexagonal nut. The 
variation allows the use of a commercially available 
standard nut and reduces cost and the number of fabri- 
cation process steps. 

VARIATION 2 OF EMBODIMEIMTI 

[0058] FIG. 5 is a perspective view showing respec- 
tive structures of a resonance^frequency tuning member 
and a spurious-mode suppressing ring according tp a 
second variation of :the first embodiment As shown In 
FIG. 5, the spurious-mode suppressing ring 74 accord- 
ing to the second variation is configured as a plate spring 
formed by bending a conductor plate. The variation 



achieves the effect of substantially preventing the 
amount of lowering of the resonance-frequency spuri- 
ous member 61 from affecting the function of suppress- 
ing the spurious mode of the spurious mode suppress- 
5 ing ring 74. 

VARIATION 3 OF EIV/IBODIMENT 1 

[0059] FIG. 6 is a perspective view showing respec- 
tive structures of a resonance-frequency tuning member 
and a spurious-mode suppressing ring according to a 
third variation of the first embodiment. As shown in FIG. 
6, the spurious-mode suppressing ring 75 according to 
the third variation is configured as a divided ring. The 
present variation allows the spurious-mode suppressing 
rings 75 to be detached or attached without detaching 
the resonance-frequency tuning member 61 from the 
enclosure lid 22 and facilitates the operation of tuning 
the filter characteristic. 

[0060] Although the present embodiment has used, 
as the spurious-mode suppressing means, the spuri- 
ous-mode suppressing rings composed of copper and 
having the silver-plated surface, the material of the spu- 
rious-mode suppressing means according to the 
present Invention is not limited thereto. It will be appre- 
ciated that another conductor material can also achieve 
the effects. 

[0061] The material of the spurious-mode suppress- 
ing means is not limited to a conductor. Any material that 
could affect the propagaitipn of an electromagnetic 
wave, such as a high-dielectric-constant dIelecMc ma- 
terial, can achieve similar effects. 

EMBODIMENT 2 

[0062] FIG. 7 Is a perspective view schematbally 
showing a structure of a dielebtrk: resonator filter ac- 
cording to a second embodiment of the present inven- 
tiori. As shown in FIG. 7, the dielectric resonator filter 
according to the present emt}odiment comprises, as the 
spurious-mode suppressing rheitns, spurious-mode 
suppressing bolts 81 and 82 in place of the spurious- 
mode suppressing rings 71 and 72 according to the first 
embodiment. The spurious-mode suppressing bolts 81 
and 82 are attached such that their respective proximal 
portions are engaged with the enclosure lid 22 and that 
their respective tip portions are in dose proximity to the 
upper surfaces of the resonance-frequency tuning 
members 61 A and 61 F. 

[0063] Since the structure of the dielectric resonator 
filter according to the present embodiment is the same 
as the structure of the dielectric resonator filter accord- 
ing to the first enribodim^nt described already and 
shown in FIG. 1 except for the structures of the spurious- 
mode suppressing bolts 81 and 82, the description of 
the cornpbnents shown in FIG. 7 which have the same 
function as in the first embodiment is omitted by retain- 
ing the same reference numerals as in FIG. 1 . 
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[0064] The basic operation of the dielectric resonator 
filter according to the present embodiment is the same 
as that of the foregoing dielectric resonator filter accord- 
ing to the first embodiment. 

[0065] In the dielectric resonator filter according to the 5 
second embodiment, a spurious electromagnetic field 
mode propagating in the spurious-mode excitation 
space R3 (see FIG. 22) is suppressed by the insertion 
of the spurious-mode suppressing bolts 81 and 82 into 
the spurious -mode excitation space R3 and thefrequen- io 
cy in the spurious electromagnetic field mode shifts to 
lower frequencies. As a result, the occurrence of the dis- 
turbed characteristic such as the spurious attenuation 
pole PI (see FIG. 23) in the pass band can be sup- 
pressed, 

[0066] FIG. 8 is a graph showing, when a single-stage 
filter (discrete resonator) is used, the relationship be- 
tween the amount of insertion of the spurious-mode sup- 
pressing bolt into the spurious-mode excitation space 
and respective frequencies in the basic mode and in the 
spurious mode, which have been measured to examine 
the effect of the spurious-mode suppressing bolt. The 
filter used to obtain the data shown in FIG. 8 comprises 
a cylindrical dielectric resonator composed of a dielec- 
tric material with a relative dielectric constant of 41 and 25 
having a diameter of 27 mm and a height of 12 mm, a 
cubic enclosure having inner sides of 40 mm, a reso- 
nance-frequency tuning member with a conductor plate 
having a diameter of 25 mm and a thickness of 1 mm 
and a bolt compliant with the standard MB. and a spuri- 30 
ous-mode suppressing bolt (spurious-mode suppress- 
ing means) composed of copper plated with silver and 
having a screw compliant with the standard M3 at the 
outer circumferential portion thereof. In FIG. 8, the hor- 
izontal axis represents the amount of insertion of the 35 
spurious-mode suppressing bolt into the spurious-mode 
excitation space R3 when the state in yyhich the spuri- 
ous-mode.suppressing bolt Is in contact with the surface 
of the enclosure lid is assumed to be 0. 
[0067] By thus providing the dielectric resonator filter 40 
vyith the spurious-mode suppressing bolt as the spuri- 
ous-mode suppressing means, the spurious mode can 
be shifted to lower frequencies at a sufficient distance 
fronri the band pass and a filter with an excellent char- 
acteristic can be obtained, - ' - - - -45 

EMBODIMENTS 

[0068] FIG. 9 is a perspective view schematically 
showing a structure of a dielectric resonator filter ac- 
cording to a third embodiment of the present invention. 
As shown in the drawing, the dielectric resonator filter 
according to the present embodiment comprises, as the 
spurious-mode suppressing means, resonance-fre- 
quency tuning members 61 X and 61 Y with a spurious- 55 
mode suppressing function each havjng a larger-diamr - 
eter conductor plate in place of the spuribus-mode sup- 
pressing rings 71 and 72 according to the first embodi- 



ment. 

[0069] Since the structure of the dielectric resonator 
filter according to the present embodiment is the same 
as the structure of the dielectric resonator filter accord- 
ing to the first embodiment described above and shown 
in FIG. 1 except for the structures of the resonance-fre- 
quency tuning members 61 X and 61 Y with the spurious- 
mode suppressing function, the description of the com- 
ponents shown in FIG. 9 which have the same function 
as in the first embodiment is omitted by retaining the 
same reference numerals as in FIG. 1 . 
[0070] The basic operation of the dielectric resonator 
fitter according to the present embodiment is the same 
as that of the foregoing dielectric resonator filter accord- 
ing to the first embodiment, 

[0071 ] In the dielectric resonator filter according to the 
third embodiment, each of the conductor plates of the 
resonance-frequency tuning members 61 X and 61 Y 
with the spurious-mode suppressing function has a larg- 
er diameter so that the guide wavelength of an electro- 
magnetic wave in a direction parallel to the conductor 
plates is increased and the spurious mode shifts accord- 
ingly to lower frequencies. This suppresses the occur- 
rence of the disturbed characteristic such as the unde- 
sired attenuation pole PI (see FIG. 23) in the pass band. 
[0072] FIG. 10 is a graph showing, when .a single- 
stage filter (discrete resonator) is used, the relationship 
between the position oifthe resonance-frequency tiinlng 
member with the spurious-mode suppressing function 
and respective frequencies in the basic mode and in the 
spurious mode, which have been measured to examine 
the effect of the resonance-frequency tuning member 
with the spurious-mode suppressing function.. The sin- 
gle-stage filter used to obtain the data shown in FIG. 10 
comprises a cylindrical dielectric resonator composed 
of a dielectric material with a relative dielectric constant 
of 41 and having a diameter of 27 mm and a height of 
12 mm, a cubic enciosure having inner sides of 4b nririi, 
and a resonance-frequency turiiriig member with a con- 
ductor plate having a diameter of 15 rhm, 25 mtti , or 35 
mm and with a bolt having a thickness of 1 mm and com- 
pliant with the standard M6. 

[0073] As shown in FIG. 1 0, the freqiiency in the spu- 
rious mode differs depending on thediameterof the con- 
ductor plate. If the spurious mode enters the pass band 
to diisturb the filter characteristic In a multi-stage dielec- 
tric resonator filter having a plurality of dielectric reso- 
nators disposed therein, the spurious mode can be'ex- 
pelied from the pass band by changing the diameter of 
the conductor plate of each of the resonance^frequency 
tuning members causing the spurious mode. If the effect 
is to be described in temns of electromagnetic fields, an 
increase in the diameter of the conductor plate of each 
of the resonarice-frequency tuning members 61 X and 
61 Y with the spurious-mode suppressing function in- 
; creases., the ..guide wayejength of an electromagnetic 
wave in a direction parallel to the conductor plates so 
that the spurious mode shifts toward lower frequencies. 
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[0074] Although the present embodiment has provid- 
ed the fifst- and six-stage dielectric resonators 1 1 A and 
11 F with the additional resonance-frequency tuning 
members 61 X and 61 Y with the spurious-mode sup- 
pressing function having conductor plates with diame- 
ters larger than those of the conductor plates of the other 
frequency tuning members, the structure of the dielec- 
tric resonator filter according to the present invention is 
not limited to the present embodiment. It is also possible 
to provide the other-stage dielectric resonators 11 , such 
as the second- and third-stage dielectric resonators, 
with the additional resonance-frequency tuning mem- 
bers with the spurious-mode suppressing function. The 
stages of the dielectric resonators in which the reso- 
nance-frequency tuning members with larger-diameter 
conductor plates should be provided can be detemnined 
selectively and appropriately depending on the struc- 
tures of the dielectric resonators, the enclosure, and the 
like. 

EMBODIMENT 4 

[0075] FIG. 11 is a perspective view schematically 
showing a dielectric resonance filter according to a 
fourth embodiment of the present invention. As shown 
in FIG. 11, the dielectric resonator filter according to the 
present embodiment comprises, as the spurious-mode 
suppressing means, spurious-mode attenuating sheets 
91 A to 91 R 92A to 92F, and 93 A to 93F in place of the 
spurious-mode suppressing rings 71 and 72 according 
to the first embodiment. The spurious-mode attenuating 
sheets 91 A to 91 F are provided on respective upper sur- 
faces of the conductor plates (the surfaces of the con- 
ductor plates opposite to the resonators) of the reso- 
nance-frequency tuning members 61 A to 61 F. The spu- 
rious-mode attenuating sheets 92A to 92F are provided 
on the both side surfaces of the partition walls 23 A to 
23G of the enclosure 20. The spurious-mode attenuat- 
ing ^sheets 93A to 93F are provided on the surface of 
the enclosure lid 22 corresponding to the respective ceil- 
ing surfaces pf the chambers. 

[0076] Since the structure of the dielectric resonator 
filter according to the present embodiment Is the same 
as that of the dielectric resonator filter according to the 
first emk)Od}nfient . described already and shown in FIG. 
.1 except for the structures of the spurious-mbde atten- 
uating; sheets 91A tp 91 F, 92A to sip, and 93A to 93F, 
the description . of the components shown in FIG. 11 
which have the same function as in the first embodiment 
is omitted by retaining the same reference numereds as 
inRG.^I.. 

[0077] TT'® basic, operation of the dielectric resonator 
filter according to the present embodiment is the same 
as.thatof the foregoing dielectric resonator filter accord- 
ing to the; first embodinrient. 

[0076] . In the dielectric resonator filter according to the 
present embodiment, the provision of the spurious- 
mode attenuating sheets 91 A to 91 F, 92A to 92F, and 



93 A to 93F attenuates currents flowing along the sur- 
faces of the spurious-mode attenuating sheets 91 A to 
91 F, 92A to 92F, and 93A to 93F with an electromagnetic 
wave generated in a spurious-mode excitation space 
5 (the space R1 shown in FIG. 22) in the region between 
the metal enclosure lid 22 and the resonance-frequency 
tuning members 61 A to 61 F, while the electromagnetic 
wave is also attenuated. Since the dielectric resonators 
1 1 A to 1 1 F are isolated from the spurious-mode excita- 
10 tion space R1, the spurious-mode attenuating sheets 
91 A to 91 F, 92A to 92F, and 93 A to 93F have no influ- 
ence on respective electromagnets field modes in the 
dielectric resonators 11 A to 1 1F and therefore have no 
influence on the characteristic of the dielectric resonator 
15 filter in the pass band. This suppresses the production 
of the spurious mode and provides a filter with an excel- 
lent characteristic. When nichrome (a nickel-chrome al- 
loy) foils serving as resistor elements were used as the 
spurious-mode attenuating sheets, the spurious mode 
was attenuated and the same sharp filter characteristic 
with a low loss as shown in FIG. 3 was achieved. 
[0079] Although the present embodiment has adopt- 
ed the structure in which the spurious-mode attenuating 
sheets are disposed as the spurious-mode attenuating 
means, the structure of the spurious-mode attenuating 
means according to the present invention is not limited 
to a sheet structure. The spurious^mode attenuating 
means may be a conductor film obtained by applying 
and curing a paste or solvent containing a resistor ele- 
ment. Alternatively, the same effects as achieved by the 
present embodiment are achievable by composing, in 
principle, the partition walls of the enclosure, the enclo- 
sure lid, and the resonance-frequency tuning members 
with resistor elements each plated with a conductor and 
exposing the surfaces of the resistor elements in the 
space R1 without plating, with the conductor, the por- 
tions of the resistor elements serving as the inner wail 
surfaces defining the space R1 in the region between 
the enclosure lid and the conductors of the resonance- 
frequency tuning members. 

[0080] Although tiie present '^^odiment has used 
the nichrome foils which arb the resistor elements as' the 
specific example of the spurfous-mode attenuating 
sheets, the present invention is not limited thereto: Itwiil 
be appreciated that the resistors composed of another 
material such as a copper-nickel alloy or ferilte also 
achieve the effects. 

[0081] In the structure of each of the spurious-rribde 
atten uating means, however, it is not necessary to com- 
pose the entire inner wall surfaces of the space R1 of 
members with a spurious-mode attenuating function 
since the vertical positions of the conductor plates of the 
resonance-frequency tuning members 61 A to 61 F 
change in response to the tuning of the resonance fre- 
quencies. 

[dd82] Although each of the first to fourth enibocli- 
ments has described the rriulti-stage filter having th^e six 
dielectric resonators as an example of the dielectric res- 
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onance filter to which the present invention is applied, 
the structure of the dielectric resonator filter according 
to the present invention is not limited to the foregoing 

embodiments. The effects of the present Invention are 
achievable if the dielectric resonator filter has stages s 
other than four and six stages. 

[0083] Although each of the first to fourth embodi- 
ments has described the band pass filter as an example 
of the dielectric resonator filter to which the present in- 
vention is applied, the structure of the dielectric resona- io 
tor filler according to the present invention is not limited 
to the foregoing embodiments. The effects of the 
present invention are achievable with another type of 
filter such as a band stop filter. 

[0084] Although each of FIGS. 2, 8, and 1 0 shows the is 
result of measurement obtained by using the discrete 
resonator to define the effects by experiment, it will be 
appreciated that another multi-stage filter can also 
achieve the same effects irrespective of the number of 
stages by adopting the structure of each of the embod- 
iments. 

[0085] Although the first to fourth embodiments have 
disposed the dielectric resonators tn a lower part of the 
space enclosed by the enclosure main body and dis- 
posed the conductor plates of the resonance-frequency 25 
tuning members above the dielectric resonators, it is al- 
so possible to dispose the dielectric resonators in the 
upper part of the space enclosed by the enclosure main 
body and dispose the conductor plates of the reso- 
nance-frequency tuning members below the dielectric 3o 
resonators. In that case, the effects of the present in- 
vention can be achieved by disposing the spurious- 
mode suppressing members between the conductor 
plates of the resonance-frequency tuning members and 
the bottom surface of the enclosure main body. 35 

EMBODIMENTS 

[0086], FIG. 12 is a perspective view schehriatically 
showing a structure of a dielectric resonator filter ac- 40 
cording to a fifth embodiment of the present invention. 
As shown in FIG. 12, the dielectric resonator filter ac- 
cording to the present embodiment cornprises four cy- 
lindrical dielectric resonators 111 A to 111 P formed by 
sintering a dielectric powder material. The resonance 

frequency of each of the dielectric resonators 111 A to 
111D is determined by the height and diahneter of the 
cylindrical conifiguratioh thereof. In this example, the 
four dielectric resonators 111 A to 111D operate as a 
four-stage band pass filter An enclosure 120 of the di- so 
electric resonator filter is composed of a main body 121 , 
a lid 122, and^partitipn yyails 123A to 123D connected 
to each other to partition a space ericlosed by the en- 
closure main body 121. The dielectric resonators 1 1 1 A 
to lllp are disposed on a one-by-one basis in the re- ss 
• • • spective chambers defined by the partition .walls 123A _ 

to.123p of the enclosure 120. The enclosure main body 
121 Is provided with an input terminal 141 dnd ah output 



terminal 142 each composed of a coaxial connector to 
input and output a high-frequency signal to and from the 
outside. An input coupling probe 151 and an output cou- 
pling probe 152 are connected to the respective core 
conductors of the input and output terminals 1 41 and 
142. 

[0087] Resonance-frequency tuning members 161 A 
to 161D each composed of a disk-shaped conductor 
plate and a bolt coupled integrally thereto to tune the 
resonance frequency of the corresponding one of the 
dielectric resonators IIIAtolllD are attached to the 
enclosure lid 122. The resonance-frequency tuning 
members 161 A to 161 D are disposed to have their re- 
spective center axes at the same plan positions as the. 
respective center axes of the dielectric resonators 1 1 1 A 
to 111 D (i.e., at the concentric positions). Specifically, 
the enclosure lid 1 22 is provided with screw holes which 
are at neariy concentric positions to the cylindrical die- 
lectric resonators 111Ato111D such that the respective 
bolts of the resonance-frequency tuning members 161 A 
to 1 61 D are engaged with the screw. holes of the enclo- 
sure lid 122. The resonance frequencies can be tuned 
by rotating the resonance-frequency tuning members 
161 A to 161D around the axes and thereby changing 
the distances between the conductor plates and the di- 
electric resonators 111 A to 11 ID. ......... 

[0088] Since the frequency characteristics, including 
passband width and attenuation characteristic of a die- 
lectric resonator filter are generally determined by the 
resonance frequency and Q faictor of each of the reso- 
nators and an amount of coupling between the individual 
dielectric resonators, the configuration and the like of 
each of the dielectric resonators are calculated from the 
specifications of the frequency characteristics of the fil- 
ter at the design stage. In practice, however, filter char- 
acteristics as designed cannot be obtained due to an 
error in the configurations of the dielectric resonators 
and enclosure and to a mounting error. To provide filter 
characteristics as designed, the resonance-frequency 
tuning hiembers 1 61 A to 1 61 D are provided in the con- 
ventional dielectric resonator filter to renderthe respeic- 
tive resonance frequencies of the dielectric resonators 
IIIAtolllD variable. 

[0089] The present embodiment is characterized in 
that the three partition walls 123A to 123C of the fbur 
partition walls 123A to 123D are provided with inter- 
stage-coupling tuning windows 124A to 124C for pro- 
viding electromagnetic couplings between the corre- 
sponding two of the dielectric resonators 111 A to 111 D, 
The interstage-coupling tuning windows 124A to 124C 
have been formed by providing thie partition walls 1 23A 
to 123C with respective cutaway portions extending lat- 
erally from the portions (I.e., the outer side surfaces) of 
the partition walls 123 A to 123C in contact with the inner 
side surfaces of the encloisure main body 121. In other 
.words .the three partiti on wal Is 1 23 A to 1 ?3C of the fo^^^ 
partition walls 123A to 123D function as interistage-cou- 
pling tuning plates. 
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[0090] In the interstage-coupling tuning windows 
124A to 124C composed of the cutaway portions in the 
partition walls 1 23 A to 123C, there are disposed respec- 
tive interstage-coupling tuning bolts 131 A to 131 C for 
finely tuning the strengths of electromagnetic field cou- 5 
plings between the resonators. The interstage-coupling 
tuning bolts 131 A to 131C are disposed to protrude In- 
wardly of the respective partition walls 123A to 123C. 
[0091] A description will be given next to the operation 
of the dielectric resonator filter thus constituted . A high- 
frequency signal transmitted from, e.g., a signal source 
or an antenna (not shown In FIG. 12) is inputted Into the 
enclosure 120 via the input terminal 141 . If the high-fre- 
quency signal has a frequency within the pass band of 
the filter, it couples to an electromagnetic field mode in '5 
the input-stage dielectric resonator 111 A by the effect 
of the input coupling probe 1 51 so that TE01 5 as a basic 
resonance mode Is excited. The resonance mode cou- 
ples to respective electromagnetic field modes in the 
subsequent dielectric resonators 1 1 1 B, 1 11 C, ... in sue- so 
cession through the interstage-coupling tuning windows 
124A, 124B, ... so that the electromagnetic field mode 
excited in the dielectric resonator 11 IF couples to the 
output probe 152 and the high-frequency signal is out- 
putted from the output terminal 1 42. On the other hand, 25 
the high-frequency signal having a frequency outside 
the pass band of the fitter is reflected without coupling 
to the resonance mode in the dielectric resonator and 
sent back from the input terminal 1 41 . 
[0092] For the foregoing filter to operate precisely, 50 
each of the dielectric resonators IIIAtolllD should 
have a precise resonance frequency and each of the 
interstage-coupling tuning windows 124A to 124C 
should provide an interstage coupling with a precise 
strength. However, filter characteristics as designed 35 
cannot be provided due to an error In the configurations 
of the dielectric resonators IIIAtolllD and enclosure 
120 and to a mounting error To provide filter character- 
istics as designed, the resonance-frequeiicy tuning 
members 1 61 A to 1 61 D are provided and the conductor 40 
plate is moved upwardly or downwardly by rotating the 
bolts of the resonance-frequency tuning member 161 A 
to 161 D. As a result, the distances between the conduc- 
tor plates pf the resonance-frequency turiing rrienribers 
161A to 1610 and the dielectric resonators 111A to 45 
111D located therebelow. change to ch^gQ the reso- 
nance frequencies of the dielectric resoriatprs 111 A to 
111D, 

[0093] Or) the other hand, the interstage-coupling tun- 
ing windows 1 24A to i 24C provided In the partrtlori walls so 
123 A to 123C functioning as the interstag^rcoupiing 
tuning plates and the Interstage-coupling tuning bolts 
131 A to 131 C are used to tune the strengths of electro- 
magnetic field couplings between the dielectric resona- 
tors 111A to 11 ID. The strengths pf interstage cpij- ss 
plings are roughly determined-by the areas of the inter- 
stage-coupling tuning windows 124A to 124C com- 
posed oif the cutaway portions in the partition walk 1 23 A 
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to 1 23C. The strengths of the interstage couplings can 
be tuned finely tiy the amounts of Insertion of the inter- 
stage-coupling tuning bolts 131 A to 131C. Through the 
tuning using the tuning mechanism, the frequencies and 
width of the pass band of the dielectric resonator filter 
can be determined. 

[0094] FIG. 1 3 shows the frequency characteristic of 
the dielectric resonator fitter according to the present 
embodiment. If a high-frequency signal at a frequency 
outside of the pass band of the dielectric resonator is 
inputted, it is basically reflected and sent back from the 
Input terminal 141 without exciting the basic resonance 
mode in the dielectric resonator. It follows therefore that 
the frequency characteristic of the dielectric resonator 
fitter is basically a band pass characteristic as shown in 
FIG. 13. However, high-order modes such as the HE11 
5 mode and EH11 5 mode are present In the dielectric 
resonators In addition to the TE01 5 mode as the basic 
resonance mode. Since even electromagnetic field cou- 
plings in these resonance modes between the dielectric 
resonators pemiit a high-frequency signal to pass 
through the filter, there may be cases where an unde- 
sired harmonic peak appears at the higher frequencies 
of the pass band. 

[0095] FIG. 26 shows the result of analyzing the dis- 
tribution of an electric field in accordance with the FDTO 
method when the high^requency signal inputted to the 
conventional dielectric resonator filter shown in FIG. 24 
is at 2.14 GHz (pass band). The distribution of the elec- 
tric field shown in FIG. 26 Is in a cross section parallel 
to the bottom surface of the enclosure and passing 
through the vertical center portion of the resonator (each 
of the results of analyses made subsequently is similariy 
in the cross section). The arrows in the drawing indi- 
cates electric field vectors at the positions. The dielectric 
resonator filter used to obtain the data shown in FIG. 26 
comprises cylindrical dielectric resonators each com- 
posed of a dielectric material with a specific dielectric 
constant of 41 and having a diameter of 25 mm and a 
height of 11 mm and resonance-frequency tuning mem- 
bers each having an enclosure provided with four cubic 
chambers having inner sides of 40 mm. The dielectric 
resonators are disposed to have theii- lower surfaces lo- 
cated at 14.5 mm from the bottom surface of the enclo- 
sure hriain body. 

[0096] As is obvious from the electric-field pattern 
shown In FIG. 26, theTEOI 6 mode as the basic mode 
is excited at frequencies of the pass band in' the con- 
ventional dielectric resonator filter. 
[0097] FIG. il shows the result of analyzing the dis- 
tribution of an electric field in accordance with the FDTD 
rnethod when the high-frequency signal inputted to the 
conventional dielectric resonatbr filter shown in FIG. 24 
is at 2.82 GHz (harmonic). In the electric field pattern 
shown in fIg. 27, high-order modes such as the HE11 
5 mode and EH11 5 mdltle in the dielectric resonators 
are observed, which indicates that a hamribnb has been 
caused in the dielectric resonator fitter by the high-ortler 
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modes in the dielectric resonators. 
[0098] FIG. 28 shows the result of analyzing, in ac- 
cordance with the FDTD method, a currentflowing along 
the surface of the part of the partition wall (interstage- 
coupling tuning plate) 623B closer to the dielectric res- 
onator61 1 C in the HE1 1 5 mode when the high-frequen- 
cy signal inputted to the conventional dielectric resona- 
tor filter shown in FIG. 24 is at 2.82 GHz (hannonic). 
which is viewed from the direction indicated by the arrow 
X shown in FIG. 24. As can be seen from FIG. 28, the 
current in the vicinity of the vertical center portion of the 
partition wall (interstage-coupling tuning plate) 623c in 
close proximity to the dielectric resonator is relatively 
large. 

[0099] In the present embodiment, by contrast, the in- 
terstage-coupling tuning windows 124A to 124C are 
provided in the regions of the partition walls (Interstage- 
coupling tuning plates) 123A to 123C in which relatively 
larger currents flovy and no conductor is present in the 
regions so that the production of the HE11 5 mode is 
presumably suppressed and the harmonic in the filter is 
presumably suppressed. 

[0100] FIG. 16 shows the result of analyzing the dis- 
tribution of an electric field when the high-frequency sig- 
nal inputted to the dielectric resonator filter according to 
the present embodiment shown in FIG. 12 is at 2. 14 GHz 
(pass band). Forthe dielectric resonator filter from which 
the data shown in FIG. 16 is obtained, calculation has 
been performed by assuming that each of the inter- 
stage-coupling tuning windows is configured as a rec- 
tangle which is 16 mm long and 25 mm wide and the 
lower edge of each of the interstage-coupling tuning 
windows is positioned at 1 2 mm from the bottom surface 
of the enclosure main body. As forthe other factors, they 
are assumed to be the same as In the prior art analysis 
model mentioned above. 

[0101] As shown in FIG. 16, the TE01 6 mode as the 
basic mode is also excited in the present embodiment 
similarly to FIG . 26 so that the characteristic of the pasis 
band of the dielectric resonator filter according to the 
present embodiment is assumed to be equal to that . of 
the conventional embodiment. 

[0102] FIG. 17 shows the result of analyzing the dis- 
tribution of an electric field when the high-frequency sijg- 
nal Inputted to the dielectric resonatorfilter according to . - 
the present embodimentshown In FIG. 12 is at2.82GHz 
(hamionic).The dielectric resonator filter from which the 
.data shown, in FIG. 17 is obtained is the same as the 
dielectric resonator filter from which the data shown in 
FIG, 16 is obtained. As can be seen froni.the electric 
field pattern in the dielectric resonator 111 A shown in 
FIG, 17, the HE1 1 5 mode is indistinct so that it has been 
suppressed, presumably. 

[0103] FIGS. 14A to 14C show the frequency charac- 
teristics of the dielectric resonator filter shown in FIG. 
1 2 obtained by using the interstage-coupjingjjjning:?^ 
dows having different configurations. The dielectric res- 
onator filter used to obtain the data shown in the draw- 
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ings comprises cylindrical dielectric resonators each 
composed of a dielectric material with a relative dielec- 
tric constant of 41 and a having a diameter of 25 mm 
and a height of 11 mm. an aluminum enclosure having 
a silver-plated surface and four cubic chambers each 
having inner sides of 40 mm, resonance-frequency tun- 
ing members each composed of copper having a silver- 
plated surface and having a conductor plate with a di- 
ameter of 25 mm and a bolt compliant with the standard 
M6. input/output temiinals each composed of a com- 
mercially available SMA connector, and input/output 
coupling probes each composed of a copper wire having 
a silver-plated surface and a diameter of 1 mm. ft is as- 
sumed that the center axes extending in the lateral di- 
rection of the interstage-coupling tuning windows 124A 
to 124C composed of the cutaway portions in the parti- 
tion walls 123 A to 123C are fixed to a height of 20 mm 
from the bottom surface of the enclosure main body and 
the interstage-coupling tuning windows 123A to 123C 
providing interstage couplirigs with equal strengths are 
configured as three rectangles which ar;e 27 mm long 
and 15 mm wide, 20 mm long arid 20 mm wide, and 16 
mm long and 25 mm wide. 

[0104] In each of the characteristics shown in FIGS. 
14At6 14C, the harmonic level in the harmonic band of 
2.7 GHz to 3 GHz has been suppressed compared with 
the harmonic level in the conventional strucfiire (see 
FIG. 25). 

[0105] When FIGS. 14A to 14C were compared for 
the ratios between the lengths and widths of the rectan- 
giilar configurations of the cutaway portions, the struc- 
ture shown in FIG. 14C had the lowest hiarmonic level 
and ft was proved that a higher effect of suppriessing 
harmonic was achieved if the sides of the interstage- 
coupling tuning windows parallel to the bottom surfacie 
of the enclosure were longer. 

[0106] FIGS. 15A to 15C show the frequency charac- 
teristics of the dielectric resonator filter shown in FIG. 
12 iand the positions of the interstage-coupling tuning 
windows whbh aire provided at different vertical posi- 
tions ih the partitibriis walls li23A to i23C. In the tiiree 
cases shown in FIGS, ISA to ISC" the configuration of 
each of the interstage-coupling tijning windows 1 24A to 
1 24C is limited to a square which is 20 mm long and 20 
mrrt_wld^..while fhe^jowe^^ the vwndows are_at 

differeiht vertical positions of 0 mm. 10 mm, and 20 rrim 
from the tjottom surface of the enclosure main bodyMf 
FIGS. 15A to isC are compared for the vertical posi- 
tibns of the inteirstage-boupling tuning windows 1 24 A to 
1 24C, the lowest harmonic level is obtained by providing 
the interstage-couplirig tunirig window at the - position 
shown in FiG'15B:This indicates that a higher effect of 
suppressing hannonic is achieved by positioning the in- 
terstage-coupling tuning window in the center portion 
such.that the ihterstage^ouplirig tuning window arid the 
dielectric res.onator a/j^ P^oser Pr9?^.!n?'?y-. . •. . 
[01 07] Bytiitis 

windows 124A to 124C composed of the cutaway pdr- 
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tions provided in the partition walls 123A to 123C func- 
tioning as the interstage-coupling tuning plates, the har- 
monic level can be suppressed in the dielectric resona- 
tor filter according to the present embodiment without 
affecting the characteristic of the pass band. 
[0108] It was also found that a particularly high effect 
of suppressing the hamnonic level was achieved when 
each of the Interstage-coupling tuning windows 124A to 
124C was configured to have a width larger than a 
length. If each of the interstage<:oupfing tuning windows 
124A to 124C has a larger width, a wider movable range 
than in the conventional dielectric resonator filter is pro- 
vided for each of the interstage-coupling tuning bolts 
131 A to 1 31 C so that a wider range of tuning Is provided 
for an interstage coupling. In that case, wide spacings 
are also provided between the tips of the interstage-cou- 
pling tuning bolts 131 A to 131 C and the vertical edges 
of the interstage-coupling tuning windows 124A to 1 24C 
so that resistance to high power is also increased. 
[0109] In the conventional dielectric resonator filter 
shown in FIG, 24, the movable range of each of the in- 
terstage-coupling tuning bolts 631 A to 631 C is narrow 
and the ranige of tuning of an interstage coupling which 
is made by using the interstage-coupling tuning bolts 
631 A to 631 C is narrow. If a high-frequency signal is 
inputted Into the dielectric resonator filter, discharging 
may occur to damage the dielectric resonator filter de- 
pending on the state of tuning of the dielectric resonator 
filter since the spacing between the tip of the interstage- 
coupling tuning bolt 631 A and the partition walls 623 A 
to 623C is small. By contrast, the dielectric resonator 
filter according to the present embodiment can effective- 
ly suppress the occurrence of the undeslred situations. 



portions of the adjacent partition walls. The dielectric 
resonators 211 A to 21 1 0 are disposed on a one-by-one 
basis in four chambers defined by the partition walls 
223A to 223C of the enclosure 220. The enclosure main 

5 body 221 is provided with an input terminal 241 and an 
output tenninal 242 each composed of a coaxial con- 
nector to input and output a high-frequency signal to and 
from the outside. An input coupling probe 251 and an 
output coupling probe 252 are connected to the respec- 

10 tive core conductors of the input and output terminals 
241 and 242. 

[0112] Resonance-frequency tuning members 261 A 
to 261 D each composed of a disk-shaped conductor 
plate and a bolt coupled integrally thereto to tune the 

15 resonance frequency of the con-esponding one of the 
dielectric resonators 21 1 A to 211 D are attached to the 
enclosure lid 222. The resonance-frequency tuning 
members 261 A to 261 D are disposed to have thislr re- 
spective center axes at the same plan positions as the 

^ riespective center axes of the dielectric resonators 21 1 A 
to 21 1 D (i.e., at the concentric positions). The structure 
and function of each of the resonance-frequency tuning 
members 261 A to 261 D are the same as in the fifth em- 
bodiment. 

25 [0113] The present embodiment also provides a die- 
lectric resonator filter operating as a band pass filter with 
high resistance to electric power In which the level of ah 
undeslred harmonic appearing at the higher frequencies 
of the pass band is low and the range of tuning of ah 

30 interstage coupling is wide, similarly to the fifth embod- 
iment. 

EMBODIMEfMT7 



EMBODIMENT 6 

[0110] FIG. 18 is a perspective view schematically 
showing a dielectric resonator filter according to a sixth 
embodiment of the present invention. As shown in FIG. 
1 8, the dielectric resonator filter according to the present 
embodiment <;x3nriprise^s four cylindrical dielectric reso- 
nators 2ilA to 21 ID formed by sintering a dielectric 
powder material. The resonance frequency of. each of 
the dielectric resonators 211 Ato 211 b is determined by 
the height and dianrieter of the cylindrical configuration 
thereof. In this example, the four dielectric resonators 
211 A to 211 D operate as a four-stage band pass filter. 
An enclosure 220 of the dielectric resonator filter is com- 
posed of a main body 221 , a lid 222, and partition walls 
223A to 223C connected to each other to partition a 
. space enclosed by the enclosure.main body .221 . 
[01 11] In the present, embodiment, . the enclosure 
main body 221 has a rectangular plan conifiguration and 
the dielectric resonators 21 1 A to 21 1 D are arranged lin- 
eariy, Interstage-coupling tuning windows 224A to 224C 
composed of cutaway portions in the partition walls, (in- 
terstage-coupling tuning plates) 223 A to 223C are 
formed to altemate in position between the both side 



35 [0114] FIG. 19 is a perspective view schematically 
showing a dielectric resonator filter according to a sev^ 
enth embodiment of the present invention. As shown in 
RG. 19, the dielectric resonator filter according to the 
present embodiment comprises four cylindrical dielec- 

40 tricresonators 311Atb311Dformed by sintering a die- 
lectric powder miaterial. The resonance frequency of 
each of the dielectric resonators 31 i A to 311 b is deter^ 
mined by the height and diameter of the cylindrical con- 
figuration thereof, in this example, the four dielectric res- 

45 onators 311 A to 31 ID operate as a four-stage band 
pass filter. An enclosure 3i20 of the dielectric resonator 
filter is composed of a main bbdy 321, a lid 322, arid 
partition walls 323A to 323D connected to each other to 
partition a space enclosed by the enclosure main body 
.50 321. 

[0115] In the present' embodinrient; the interstage^ 
coupling tuning windows 324A to 324C are riot corn- 
posed of cutaway portions fonrned directly in the partition 
walls 323A to 323C but are composed of pairs of upper 
55 and lower beams supported by the partition walls 323 A 
to 323C. However, since the pairs of upper and lower 
beams also function as parts of the partition walls (in- 
terstage-coupling tuning pla^tes). it is also possible to re- 
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gard the interstage-coupling tuning windows 324A to 
324C according to the present embodiment as cutaway 
portions fonned in the partition walls, similarly to the fifth 
and sixth embodiments. 

[01161 The dielectric resonators 311 A to 31 ID are s 
disposed on a one-by-one basis in four chambers de- 
fined by the partition walls 323A to 323 C of the enclo- 
sure 320. The enclosure main body 321 is provided with 
an input terminal 341 and an output temiinal 342 each 
composed of a coaxial connector to input and output a io 
high-frequency signal to and from the outside. An input 
coupling probe 351 and an output coupling probe 352 
are connected to the respective core conductors of the 
input and output terminals 341 and 342. 
[0117] Resonance-frequency tuning members 361 A is 
to 361 D each composed of a disk-shaped conductor 
plate and a bolt coupled integrally thereto to tune the 
resonance frequency of the corresponding one of the 
dielectric resonators 311 A to 31 ID are attached to the 
enclosure lid 322. The resonance-frequency tuning 20 
members 361 A to 361 D are disposed to have their re- 
spective center axes at the same plan positions as the 
respective center axes of the dielectric resonators 31 1 A 
to 311D (i.e., at the concentric positions). The stmcture 
and function of each of the resonance-frequency tuning 25 
members 361 A to .361 D are the same as in the fifth em- 
bodiment. 

[01 1 8] The dielectric resonator filter according to the 
present embodiment can be formed by, e.g., fonming the 
partition walls 323 A to 323D of the enclosure main body 30 
321 integrally with the entire enclosure main body by an 
cutting operation, fomiing the upper and lower beams 
of conductor plates, and joining the upper and lower 
beams to the partition walls 323A to 323C. If the dielec- 
tric resonator is fomied by a method in which the upper 35 
and lower beams are formed of copper thin plates and 
electrically joined by, e.g., lead soldering to the partition 
walls (Interstage-coupling tuning plates) , the upper and 
lower beams can easily be repjaced with tpeams with 
different sizes and the configurations thereof can easily ^ 
be changed by using a cutting tool such as a router. 
Even If the tuning of an interstage coupling using the 
interstage-coupling tuning bolts 1 51 A to 151 C is over 
the range in the structure shown in FIG. 12, the area of 
each of the Interstage-coupling tuning windows 3i24A to - ^5. 
324C can easily be changed according to the present 
embodiment. 

[0119] Thus, the. dielectric resonator filter according 
to the present eiribodiment can widen the range of tun- 
ing of interstage coupling made by using the interstage- so 
coupling tuning bolts 331a to 331 c in addition to achiev- 
ing the effects achieved by the fifth enribodiment. 

EMBOblMEMT 8 
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[0120]- FIG: 20 is a: perspective; view- schematjc^^^^^ 
showing a dielectric resonator filter according to an 
eighth embodirhent of the present invention. As shown 



in FIG. 20, the dielectric resonator filter according to the 
present embodiment comprises four cylindrical dielec- 
tric resonators 41 1 A to 411 D formed by sintering a die- 
lectric powder material. The resonance frequency of 
each of the dielectric resonators 41 1 A to 41 1 D is deter- 
mined by the height and diameter of the cylindrical con- 
figuration thereof. In this example, the four dielectric res- 
onators 411 A to 41 ID operate as a four-stage band 
pass filter. An enclosure 420 of the dielectric resonator 
filter is composed of a main body 421 , a lid 422, and 
partition walls 423A to 423D connected to each other to 
partition a space enclosed by the enclosure main body 
421. 

[0121] in the present embodiment, the three partition 
walls 423 A to 423C of the partition plates 423A to 423D ~ 
which function as interstage-coupling tuning plates are 
not in contact with the inner side surfaces of the enclo- 
sure main body 421 and spacings are provided there- 
between. Electromagnetic field couplings between the 
dielectric resonators 441 A to 441 D are accomplished 
primarily through the spacings. The partition walls 423A 
to 423C are provided with cutaway portions for widening 
the movable ranges of interstage-coupling tuning bolts 
431 A to 431 C. The spacings between the partition walls 
423 A to 423C and the inner side surfaces of the enclo- 
sure main body 421 and the cutaway portions compose 
interstage-coupling tuning windows 424A io A24C, In 
the present embodiment also, however, the function of 
tuning interstage couplings is substantially enhanced by 
the cutaway portions in the partition walls 423A to 423C, 
though the cutaway portions have their both side por- 
tions cut away. 

[0122] The dielectric resonators 411 A to 41 ID are 
disposed on a one-by-one basis in four chambers de- 
fined by the partition walls 423A to 423C of the enclo- 
sure 420. The enclosure main body 421 is provided with 
an input temninal 441 and an output terminal 442 each 
composed of a coaxial connector to input and output a 
high-frequency signal to and from the outside. An input 
cbuplirig prbbe 451 and ah oiitput coupling probe 452 
are connected to the respective core conductors of the 
input and output terminals 441 and 442. 
[0123] Resonance-freqiiency tuning hfiembers 461 A 
to 461 D each composed of a disk-shaped conductor 
plate and a bolt coupled. integrally tfiereto to tune the 
resonance frequency of the corresponding one of the 
dielectric resonators 41 1 A to 41 1 D are attached to the 
enclosure lid 422. The resonance-frequency tuning 
members 461 A to 461 D are disposed to ha\/e th^ir rel- 
spective center axes at the same plan positions as the 
respective center axes of the dielectric resoriatoi^ 411 A 
to 41 1 D (i.e., at the concentric positions). The structure 
and function of each of the resonance-frequency tuning 
members 461 A to 461 D are the same as in the fifth^enr^- 
bodimisnt. 

[0124]. : Since the dielectric resonator filter aocqrd^^^ 
to the present embodiment widens the1mbvable"raniges 
of the interstage-coupling tuninig bolts 431 A to 431 G, it 
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achieves the effect of widening the range of tuning of an 
interstage coupling in addition to the effects achieved 
by the fifth embodiment. 

OTHER EMBODIMENTS 



[0125] Although each of the fifth to eighth embodi- 
ments has described, as an example of the dielectric 
resonator fdter to which the present invention is applied, 
the multi-stage filter using the four dielectric resonators, io 
the structure of the dielectric resonator filter according 
to the present invention is not limited to the foregoing 
embodiments. A dielectric resonator filter having stages 
other than six stages such as an eight* or four-stage di- 
electric resonator filter can also achieve the effects of is 
the present invention. 

[0126] Although each of the fifth to eighth emtx>dh 
ments has described, as an example of the dielectric 
resonator fnter to which the present invention is applied, 
the band pass filter, the structure of the dielectric reso- so 
nator filter according to the present invention is not lim- 
ited to the foregoing embodiments. Another type of filter, 
e.g., a band stop fitter can also achieve the effects of 
the present Invention, ft will easily be understood that, 2. 
in that case, the effects of the present invention are ^s 
achievable if the pass band according to the present in- 
vention is replaced with the stop band. 
[0127] Although the interstage-coupling tuning win- 
dows composed of the cutaway portions in the partition 
wails functioning as the interstage-coupling tuning 30 3. 
plates are configured to have equal sizes in each of the 
fifth to e^hth embodiments, the configurations of the in- 
terstage-coupling tuning windows according to the 
present invention are not limited to the foregoing em- 
bodiments, ft is also possible to form interstage-coupling 35 
tuning windows having different configurations in differ- 
entpartttion walls. 

[0128] Although the cutaway portions In the partition 4. 
waifs funcfioning as the Jnterstage-coupNng tuning 
pfates are provided in the outer side surfaces of the par- 40 
titlon wajls In each of. the fifth and sixth embodiments, 
the configuratioiis of the f nterstage-coupfing tuning win- 
dows aocprding to the present invention are not limited 
to such embodiments. It Is also possibteto form cutaway 
portions In the Inner walls surfaces of the partition walls 45 5. 
and usethe cutayiray portions as the interstage-coupling 
tuning windows, as indicated by the brotcen fines in Ff G. 
12. . \ 

[012|9|] The sizes and positions of the cutaway por- 
tions, (interstagercpupiing tuning windows) are not lim- so 
tted to the.ones shown as examples In the iforegoing ern- . 
bodlments. The sizes and positions of tlie cutaway por^ 
tions are determined by the required strengths of inter- 
stage couplings which can t)€ determined selectively 
and appropriately depending on the specifications of the ss 
dielectric resonator fitter, the design of the dielectric res- 
onators, the setting of the movable ranges of the inter- 
stageH^ouplIng tuning bolts, and the like. 



Claims 

1 . A dielectric resonator fitter comprising: 

at least one dielectric resonator; 
an enclosure enclosing the dielectric resonator 
to function as a shield against an electromag- 
netic field; 

resonance-frequency tuning means including a 
conductor plate disposed in a space enclosed 
by the enclosure to have a first surface opposed 
to a surface of the dielectric resonator and a 
second surface opposed to an inner surface of 
the enclosure, the resonance-frequency tuning 
means being capable of changing a distance 
between the conductor plate and the dielectric 
resonator; and 

spurious-nriode suppressing means for sup- 
pressing propagation of a spurious electromag- 
netic field mode produced in a space between 
the second surface of the conductor plate and 
the inner surface of the enclosure. 

2. The dielectric resonator filter of claim 1 , wherein the 
spurious-mode suppressing means is a spurious- 
mode suppressing member filling a part of the 
space between the second surface of the conductor 
plate and the Inner surface of the enclosure. 



6. 



7- 



The dielectric resonator filter of claim 2, wherein the 
resonance-frequency tuning means further In- 
cludes a bolt for changing the distance between the 
conductor plate and the dielectric resonator and the 
spurious-mode suppressing member is composed 
of a ring having a screw hole for engagement with 
the bolt. 

The dielectric resonatorfilter of claim 2, wherein the 
spurious-mode suppressing means Is a rod sup- 
ported by either of the conductor plate and the en- 
closure to fill the part of the space defined by the - 
second surface of the conductor plate and the iiiner 
surface of the enclosure. 

The dielectric resonator filter of claim 2, wherein the 
spuridus-mode suppressing member Is composed 
of a conductor material. 

The dielectric resonator filter of claim 2, wherein tti^ 
spurious-mode suppressing member is composed 
of a dielectric material. 

The dielectric resonatorfilter of claim 1 , wherein the 
spurious-mode suppressing means is composed of 
a resistor element having a surface portion exposed 
in the space between the second surface of the con- 
ductor plate and the Inner surface of the enclosure 
to function as an electric resistor agalnist a high-fre- 
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quency induction current flowing along the surface 
portion. 

8. A dielectric resonator filter comprising: 

a plurality of dielectric resonators; 
an enclosure enclosing the plurality of dielectric 
resonators to function as a shield against an 
electromagnetic field; and 
a plurality of resonance-frequency tuning 
means provided on a one-by-one basis for the 
plurality of dielectric resonators, each of the 
plurality of resonance-frequency tuning means 
Including a conductor plate disposed in a space 
enclosed by the enclosure to have a first sur- 
face opposed to a surface of the corresponding 
one of the dielectric resonators and a second 
surface opposed to an inner surface of the en- 
closure, the resonance-frequency tuning 
means being capable of changing distances 
between the conductor plates and the dielectric 
resonators, 

the conductor plate of at least one of the plural- 
ity of resonance-frequency tuning means hav- 
ing a size different from sizes of the conductor 
plates of the other resonance-frequency tuning 
means. 

9. The dielectric resonator filter of claim 8, wherein the 
conductorplateof each of the resonance-frequency 
tuning means has a disk-shaped configuration. 

10. A dielectric resonator filter comprising: 



11. The dielectric resonator filter of datm 10, wherein 
the cutaway portion in the interstage-coupling tun- 
ing plate has a generally rectangular configuration. 

5 12. The dielectric resonator filter of claim 10, wherein 
the cutaway portion in the interstage-coupling tun- 
ing plate has a generally rectangular configuration 
having a longer side disposed to be nearly parallel 
to a bottom surface of the enclosure. 

10 

13. The dielectric resonator filter of claim 10, wherein 
the cutaway portion in the interstage-coupling tun- 
ing plate is disposed such that a vertical position of 
the enclosure is nearly coincident with positions at 

15 Which the dielectric resonators are disposed. 

14. The dielectric resonator filter of claim 10, wherein 
the cutaway portion in the interstage-coupling tun- 
ing plate is formed to be in contact with an inner side 

20 surface of a wall composing an outer circumferen- 
tial portion of the enclosure. 

15. The dielectric resonator filter of claim 10, further 
comprising an interstage-coupling tuning member 

25 disposed in the enclosure to protrude toward the 
cutaway portion in the interstage-coupling, tuning 
plate. 

16. The dielectric resonator filter of daim 10, wherein 
30 each of the plurality of dielectric resonators is a 

TE01 5 -mode resonator. 

17. A method for suppressing a spurious mode in a di- 
electric resonator filter comprising at least one die- 
lectric resonator and an enclosure enclosing the di- 
electric resonator to function as an electromagnetic 
field shield, the method comprising the steps of: 

(a) disposing, In a space enclosed by the en- 
closure, resonance-frequency tuning means in- 
cluding a conductor plate having a first surface 
opposed to a surface of the dielectric resonator 
and a second surt^ace opposed to an Inner sur- 
face of the enclosure to tune a resonance fre- 
quency by changing a distance between the 
conductor plate and the dielectric resonator; 
and 

(b) after or prior to the step (a) , disposing a spu- 
rious-mode suppressing memberfor suppress- 
ing propagation of a spurious electromagnetic 
field mode produced in a space between the 
second surface of the conductor plate and the 
inner surface of the enclosure. 

18, The method of daim 17, wherein the step (b) In- 
.cludies.disppsmg_.the spunousTmo^e supp,^^ 
nrieans to fillTpait'of the the secoiSa ' 

surface of the conductor plate and the inner surface 



a plurality of dielectric resonators including an 55 
input-stage dielectric resonator for receiving a 
high-frequency signal from an external device 
and an output-stage dielectric resonator for 
outputting the high-frequency signal to an ex- 
temal device; ^ 
an enclosure enclosing the plurality of dielectric 
resonators to function as a shield against an 
electromagnetic field; 

input coupling means for coupling the inputted 
high-frequency signal and an electromagnetic- ~45 
field In the input-stage dielectric resonator; 
output coupling means for coupling the output- 
ted high-frequency signal and an. electromag- 
netic field in the output-stage dielectric resona- 
ton and 

an interstage-coupling tuning plate provided 
between those of the plurality of dielectric res- 
onators having their respective electromagnet- 
ic fields coupled to each other to tune a strength 
of the electromagnetic field coupling, ^* 
. : at least-one of both side surf ac_es_ofJ.he l^^ 

stage-coupling tuning plate having a cutaway 
portion provided therein. 
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FIG. 14A 
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FIG. 14B 
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FIG. 15A 
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FIG, 15B 
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